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This invention relates to atransmision and 
bas fo do particularly with a-torqne .transmRting 
apparatus capable of establishing ,torque trans- 
mitting copmections between a driving member 
and a driven member at different speed ratios. 
This application is a continuation in part of ap- 
plication Serial No. 646,982, filed February 
1946, now abandoned, titled Mechanism for 
Transmitting Torque. 
The general and overall objects of the inven- 
tion are fo provide a torque transmitting appa- 
ratus and transmission of an improved construc- 
tion for automatically shifting or changing from 
one driving ratio to another. The transmission 
is useful with internal combustion engines and an 
understanding of the invention may probably be 
best obtained by visu_alizing the transmission as 
used in an automotive vehicle. Accordingly, it 
will so be described herein aithough the inven- 
tion is hot limited fo such use. 
In accordance with the invention the .trans- 
mission may, and preferably is, under the com- 
bined control of torque and speed fo the end that 
an automatic shift is made as determined by the 
requirements of torque and speed. If, of course, 
is appreciated by those slilled in the art thatan 
infernal combustion engine may at times.operate 
at quite a low speed and with low .torque as, 
example, when cruising siowly on a level high- 
way with a high ratio coupling be£ween the 
gine and the traction wheels. On the other hand, 
there are rimes when higher speeds exist and.a]so 
a higher torque is transmitted thus requiring a 
lower driving ratio between the engine and .the 
traction whee]s notwithstand£ug the reiatively 
higher speed. This latter condition may be 
tained upon rapid acceleration or when traveiing 
up an incline. Accordingly, .the controï, .gov- 
erned by both speed and torque may ï0e .arranged 
so that a desirable ratio is obtained for a given 
set of conditions. 
The transmission of this invention embodies 
coupling means, considering now the transmis- 
sion in ifs simplest form vïhere only two ratios are 
obtained, and when a shift is ruade .from .one 
ratio fo another while torque is being trans- 
mitted, there is a certain bucking .or opposing 
action of one coupling against .the .other. This 
represents a loss of energy but-the present in- 
vention is arranged to-minimize the loss. during 
the change. In this connection, one of the cou- 
plings is preferably.a clutch capableof slipping 
while the other connection is preferably.one of 
the dentally engaging type. This ïeature.will be 
better appreciated a s the. following detaiiéd de- 
scription is considered. 
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A further object of the invention is to provide 
novel controlling means for governing the action 
of the transmission by torque .and speed. This 
is accomplished primarily by a liquid pressure 
5 system which may 'be termed a hydraulic system 
in conjunction with the position of the throttle 
or accelerator. This dispenses with complicated 
mechanism such as centrifugal governors or the 
like..A still further object of the invention is 
10 an improved arrangement in a transmission of 
the gearing and shafting for the obtaining of the 
different ratios and for .the obtaining Of a re- 
verse drive. This arrangement provides an ex- 
ceptionally compact structure with a minimum 
15 number of gears and .embodies an interlocking 
control in connection with some of the shiftable 
gears. 
The invention will be better understood and the 
above and other objects .appreciated as the fol- 
2{} lowing description is considered in conjunction 
with the accompanying drawings, wherein one 
form of apparatus for carrying out the invention 
is filustrated. 
Fig. 1 is a cross sectional view of developed 
25 nature taken through a transmission constructed 
in accordance with the invention and illustrat- 
ing-the interior structure of the tzansmission 
itself as well as the.controls, the view being taken 
substantially on lines A, B, C, E, and F of Figs. 
30 6 and 7. 
Fig. 2 is a cross sectional view of developed 
nature similar to Fig. 1 illustrating the trans- 
mission in another conditionand also fllustrating 
an additional shaft .in the transmission, the view 
35 being taken substantialty.on section lines £, B, C, 
D, E and F of Figs. 6,and 7. 
Fig. 2a is a cross sectional view showing oper « 
ating parts in positions other than the positions 
of the parts shown in Figs. 1 and 2. 
40 Fig. 2b is a cross sectional view similar to Fig. 
2ashowing the pistonand ifs rod in still another 
position relative to the Sleeve .and coupler. 
.Fig. 3 is an enlarged view of .the pressure con- 
trol valves showing the valves positioned for 
45 maintaining the transmission in the condition 
shown in Fig. 1. 
.Fig. 4 is a view sirnilar fo Fig. 3 sho.wing.the 
control valves positioned for the transmission 
condition shown in Fig. 2. 
5{} .Fig. 5 is a cross sectional view showing a tiquid 
pump for providing the liquid under .pressure. 
Fig. 6 is a cross sectional view taken substan- 
tia]!y on line -- .of Fig. 1 illustrating the-gear- 
ing am'angement and the contro].s-therefor. 
55 Fig. 7 is a.diagrammatic view .i]tustating the 
relationship of the gears. 
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Fig. 8 'is a view in side elevation with some parts 
shown in section showing the controls for the 
gearing. 
Fig. 9 is a developed plan view of the dentally 
engaging teeth in the transmission for providing 
one coupling therein. 
Fig. 10 is a developed view showing the blocked 
position of the parts which pïevents dental en- 
g.agement. 
Fig. 11 is a view simi!aï to Fig. 10 but showing 
the blocking teeth aligned in 0rder fo permit 
dental engagement oï the teeth shown in Fig. 9. 
Fig. 12 is a diagïammatic view illustrating the 
spïing rate curves of the springs associated with 
the controlling mechanism. 
Fig. 13 is a diagrammatic layout illustrating 
what takes place when a shfft is ruade in the 
transmission from a relatively low speed ratio to a 
ïelatively high speed ratio and ata relatively high 
toïque. 
Fig. 14 is a view similaï to Fig. 13 in illustra- 
tion of a shift to a higher ratio but ata lower 
toïque. 
Fig. 15 is a diagïammatic view illustrating the 
shift oï the transmission from a relatively high 
speed ratio to a ïelatively low speed ratio duïing 
the transmission of a relatively high torque. 
Fig. 16 is a view similaï te Fig. 15 showing the 
shiït fo a loweï speed ratio whi!e transmttïng  
ïelatively lower toïque. 
Fig. Y/ is a view similaï to Fig. 13 and illus- 
trating a shift fïom a ïelatively low speed ratio 
te a relatively high speed ratio but where the 
relationship between the high and low ratios are 
different from that shown in Fig. 13. 
As illustrated in lig. 1 there is a power input 
or dïiving shaft | which may be suitably coupled 
to an inteïnal combustion engine and an output 
or driven shaft 2 which may be coupled to the 
traction wheels of a velcle or other driven means. 
The transmission case or housing is illustrated at 
3 and the shaft | is journalled therein as shown 
and is pïovided with a geaï 4. A counter-shaft 5 
(Fig. 2) bas a gear 6 theïeon, the teeth of which 
mesh with the teeth of gear 4. The gear 6 has an 
extending hub ] and slidably mounted thereon is 
a geaï 8 with a gïoove 9 so that it may be shifted. 
The counteï-shaft § is for a low geaï arrangement 
in the transmission. Shown in both igs. 1 and 
2 is a second or reverse shaft |6 with a gear  
theïeon, the teeth of which meshwith those on 
the geaï 6. The geaï || bas a hub 2 slidably 
mounted upon which is a geaï 3 with a groove 
| 4 for ïeceiving an opeïating shoe. Mounted up- 
on the driven shaït 2 is a gear | 5 so that ifs teeth 
may mesh with those of the geaï 6 and the gear 
|3 and the gear train 4, 6, 8 and 5 constitutes 
speed change means. The geaï |5 is jouïnalled 
on the shaft 2 by suitable means as shown at 
The seveïal shafts and geaïs are compactly ar- 
ïanged as illustrated in Fig. /. It will be noted 
that the centers D and E of the shafts 5 and . 
are equi-distant fïom the centeï of the shafts | 
and 2 and that the several gears are compactly 
aïïanged and are selected as to size te pïovide 
the pïopeï dental engagement in some cases and 
clearance in otheïs. As a specific example, te 
which the invention is obviously not limited, the 
gear 4 may have 2V teeth with a corresponding 
appropriate diameter. The gear $ is a little 
larger and may bave thirty teeth. The gear || 
is in the saine plane as the geaïs 4 and 6 but the 
teeth theïeof bave a cleaïance relative to the 
teeth on gear 4 and mesh with the teeth on gear 6. 
The gear   in this example bas 27 teeth. The 
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geaïs 8 and l have sixteen teeth and mesh with 
the laïgeï gear 5 which has thiïty-two teeth. 
If will accoïdingly be seen that when toïque is 
transmitted fïom the geaï 4 through geaï 
5 thïough gear 8, te geaï |5, that the geaï |5 ïo- 
tares ai a loweï speed than the geaï 4. Likewise, 
if toïque be transmitted fïom geaï 4 through gea,: 
6, geaï | |, gear |3, te gear |5, that the gear 5 
operated with a reverse .direction o£ rotation. 
10 It will be apparent that both the geaïs 5 and 
| must hot be in dental engagement with the 
gear | 5 at the saine rime, since gears $ and  3 are 
always ïotating but in opposite directions. 
control £or the shi£ting o£ the geaïs 8 and 3 
l shown in ligs. 6 and 8. Theïe is a rock sha£t 
which operates thïough an arm 23 £or shiïting a 
shoe 24 which is engaged in the slot 5 oï the low 
speed geaï 8. Oscillation oï the rocker shaït 
shiïts the gear 8 te and £rom the full and dotted 
20 line position shown in Fig. 2. In one position the 
gear bas its teeth engaged with those o£ geaï 
and in the other position it is £ree o the geaï 
This rock sha£t may be contïolled by a suitable 
arm or lever 25. Another similar rock sha£t 
5 bas an arm 2 which oscfllates a yoke 26 as showu 
in Fig. 6, te shi£t a shoe 29 which is positioned 
in the groove |4 oï reverse gear |3. 
These two controls are interlocked as shown 
in Fig. 8 so that only one o£them can be moved 
30 at a rime and so that only one may be positioned 
to engage with the geaï 5. To this end the aïm 
23 bas a segment with a ïelatively deep notch 
3fl and a relatively shallow notch 3|; the arm 
 bas a segment with a ïelatively deep notch 
35 2 and a ïelatively shallow notch 33. A fixed 
bracket 35 lying between the segments houses 
a coil spring 36 which acts upon two halls, as 
shown at 3 and 3S. Between the two blls is 
pin 9.  illustrted in Fig. 8, the control rm 
40 2 is locked in position bec,use the bll  is 
the deep notch $2. e pin 9 engages bll 
nd blocks bll  so tht it cot move en- 
tire out o£ notch 2. However, the rm 2 my 
- be shiïted. When the  2 is shiïted so tht 
45 the bll  fits into the reltively deep notch 
then the rm 2 my be sïted. And when the 
rm 2 is shi£ted so tht the bll $ sets in the 
shllow recesses  then the rm 2 is locked. 
e rrngement is such tht when the ger  is 
50 engged with the ger  s shown  Fig. 2, 
the bll  is in the llow notch , s sho 
in Fig. 8, nd t ts rime the rm 2 is in the 
position shown in g. , so-tht the ger   is out 
oï engagement with ger  nd cnnot be 
 moved into engagement therewith. kewse, 
when the gear  is engged with ger  the 
ball 32 is in the shllow notch  nd the rm 
2 cot be moved. Both gers my be moved 
out of engagement th the ger  but only one 
60 my be moved into engagement therewith. 
 shown in Figs. 1 nd 2, there is  multiple 
disc clutch which comprises  dng member 
 secured to ger  nd this member crries 
plurty o£ driving clutch discs . A plurlity 
65 o£ driven discs 2 re mounted un  hub ruera- 
ber  splined or otheise secured te the output 
sht 2 s shown t . Within the member 
nd slidbly moted between i outer wll nd 
extension on the ger  is  piston  provided 
70 with suitble seuls s incted. is pisn is 
rrnged  ct upon the clutch scs on one side 
thereo£ nd  ed rection member $ is dis- 
posed on the opsite side of the clutch discs. 
is provides u cynder rrngement with 
7 chmber . e piston is normlly held 



tracted against the ënd o the .member 4} by 
suitable spring means such as .a plurality of 
spring washers 48. Whèn the clutch is engaged 
there is a direct connection bëtween the shaft 
and the shaft 2. When the clutch is disengaged 
there is no connection through the clutch be- 
tween the shaft ! and the shaft 
There is a power coupler between the gear 
and the output shaft 2. As illustrated in Figs. 
2 and 9 the gear | 5 is provided with a setof teeth 
5} arranged fo be dentally engaged with a set of 
teeth 5 on a coupler mémber 52 which is slid- 
ably. sp!ined as t 5S on the hub 4S. These 
teeth are preferably .helically disposed and in the 
prescrit arrangement .arê provided with a left 
hand helix as shown in Fig. 9. The-principles 
of this power coupler are shown and the .power 
coupler is claimed in my Patent NO. 2,3oE1,564, 
Match i3, 1945. There is a blocker ring 55 which 
bas a conical surface as indicated £or engage- 
ment with an internal cönical surface of a suit- 
able friction ring 55 carriedby the gear |5. This 
blocker ring bas a sliding engagement with the 
coupler 52 herein accomplished by an exlanding 
spring 57 positioned in a grooVe in a part of the 
blocker ring which telescopes into the coupler 
52and frictionally engages the interior of the 
coupler. Also, the blocker member 55 is capable 
of limited rotation relative .to the coupler by 
tongues 79 which engage into recesses 7| in the 
coupler. See Figs. 10 and 11. Three of such 
tongues or recesses may be provided as shown 
in Fig. 6. The blocker element 55 is provided with 
blocker teeth 7 which are arranged tobe posi- 
tioned in and out Of blocking relationship with 
cooperating teeth on the coupler. The cooperat- 
ing teeth on the coupler, as shownat 74, are the 
sp!ines which provide the slidable coupling be- 
tween the coupler 52 andthe hub 43. 
At this point it seems advisable to describe the 
function of this power coupler from the stand- 
point of making and breaking the dental engage- 
ment between the teeth 5} and 5 |. When the 
teeth are in dental engagement.as shown in Fig. 
1, which figure also shows tle friction clutch 
 disengaged, the power is tran,mittedfrom the 
put shaft | through.gear-4 through gear 5» gear 
8, gear |5 (assuming gear 8t0 be in engagement 
with gear |5) through theengaged teeth 5} and 
| through coupling 2-to hub 43 and to driven 
shaft 2. Thls, of coUrse,:provides a reduced ratio 
so that shaït 2 rotates at a speed lower .than 
shaft |. When the coupling is disestablished, .as 
shown in Fig. 2, there is no coïnection between 
the input and output shafts through tleteeth 
and 5, but at this-time the friction Clutch may 
be engaged so as fo provide:a direct .connection 
between the shafts as above set forth. 
Let it be assumed that the-parts are in the 
position shown in Fig. 2 with the teeth 5} and 
| disengaged and that a force is ápplied to the 
coupler tending to shift if to the right. The 
coupler may be shifted to he right and due to 
the yieldable association between the coupler 
and the blocking element 5 exerted by.spring 
7, the bloclng membêr 55 is likewie shifted t0 
the right and if engages the friction material-55. 
Now, it will be appreciated that tlïe gear 
always rotates af a speed slower than that of 
the input shaft | and, so long as the friction 
clutch is engaged, rotates slower than the coupler 
52. Accordingly, the friction on the coupler sëts. 
up a relative motion ::réactio in the direction 
sh0wn in Fig. 10..This oscfllates tle blocker-and 
loition;.its blockiteeth :7:lï:bloOîng position 
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relhtive 'to .the teeth 74 .of the coupler and 
vents -further shift of the coupler fo the -right. 
This condition will be maintained so long as the 
relative motion reaction is maintained. 
5 In the making of a shift from a condition where 
the ïriction clutch is engaged to a condition 
where the teeth 5} and 5| are engaged, the fric- 
tion cluch starts to disengage by reason of-the 
control action which will later be described. 
10 suming that the output shaft 2 rotates af a con- 
stant speed, the input shaft and the engine will 
begin to accelerae because of the slipping clutch. 
This accelerates gear |5 while the coupler con- 
tinues ata substantially .constant speed. .When 
15 the gear | becomes subStantially synchronized 
wih the coupler and, more particulárly, when it 
starts fo overrun the coupler, the direction oï rel- 
ative motion reacti0n is reversed. At this t/me, 
the blocker-ring is carried along with the gear 
20 and its teeth 7.3 shift out of blocking posit2on 
with respect fo teeth 7. As a result, the coupler 
may shift fo the right as igs. 1 and 2 :are viewed 
fo cause a dental engagement of the teeth 5} and 
é . This occurs substantially at the point of syn- 
25 chronizaion. The helical disposition of the den- 
ally engaging teeth permit them fo slide nicely 
ino full engagement during that short period of 
relati,e rotaional movement as the gear |5 is 
slightly overrùnning the coupler. The coupling 
3O is established forthe transmission of torque upon 
the cessation of m0vement to the right of the 
coupler. 
]e controlling rneans, as shown in Fig. 1, are 
of the type employed in an automotive vehicle 
35 and includes an accelerator pedal 8} which op- 
erates a fuel Valve having an.arm 8|, through the 
means of a push rod 82, rocker member 8, and 
link 8. Also operated by the .pedal is an ar- 
rangement for applying pressure to a master 
4O valve. This mechanism includes an arm 85 rock- 
able wit thé arm 53, a link 85, a lever 87 .for 
operating a spring 88 guided by a rod 89 which 
connected to te lever 87. Mounted so as fo be 
operated by the 0utput shaft 2 is a pump 9}. The 
45 details of this pump need hot be described except 
to say that it bas a cooperating rotary member 
9 and 2 with a low pressure side having an in- 
tuke 93 which ex,ends into a liquid sump and an 
ourlet or. a highpressure side communicating with 
50 a high pressure line 94. The pump is equipped 
wih a by-passing high pressure control valve 
which governs the pressure and which bas an out- 
let lort 97. Suffice it to say that rotation of the 
pump members clockwise, as Fig. 5 is viewed, 
pumps the liquid, which may ïe a suitable oil, 
ino te high pressure line 
As shown in Fig. 3, there is a toaster valve 
having a chamber or cylinder with a valve piston 
therein having a land |9| and a land |}2 with 
60 an intermediate reduced portion providing a pas- 
sage |93. This valve may be Of hollow form and 
the spring 88 extens into the saine and exerts 
a downward pressure thereon. The valve bas an 
extension or stop |'a for seating af the end of 
65 the cylinder. The high pressure line 94 bas a 
port leading into the valve |} as shown at 
this port communicating into the space below the 
head | 9 |. The high pressure line also bas a port 
|95 which communicates into the passage 
70 It will ,be apparent that the valve member is bal- 
anced with respect to the pressure in the passage 
|93 but is acted upon in opposing directions by 
the pressure enterlng port |4 and by the spring 
8. The valve |}9 bas a port |95 which connects 
75 by a-passage |07to a p.ort |}5:in a elay vale |99.. 



The relay valve piston has a valving land portion 
|| with a stopping proectiong I|I and a land 
! !  with an intermediate reduced portion provid- 
in a passage ||. e relay valve member is 
acted upon by a spring 116 so that itis pushed 
upward]y to its top position as shown in Fig. 3. 
The relay valve aiso bas a bleed port I| 4. The 
high pressure line 94 communicates with the re- 
lay valve chamber through a port ! 18 and the 
relay valve chamber also bas a port 129 which 
communicates with a pressure line |2 |-and a port 
122 vhich communicates with an exhaust line 123 
which is arranged to dump liquid into the sump 
at the intake of the pump. 
The high pressure line 94 communicates with 
a passage 125 and the driving and driven shafts 
are formed to provide a passage 126 which com- 
municates with a passage 125 by ports 121. The 
gear 4 is formed with passages 126 which com- 
municate with passage |28 by ports |39 for the 
conducting of liquid under pressure into the cyl- 
inder space 41. Overflow or excess off may escape 
from the passage 128 through ports |31 to the 
bearing for gear 15 and thus serve for lubri- 
cation purposes. 5 
The pressure line I1 extends fo a passage 135 
which leads to a cylinder |38 in which cy]inder 
is a piston |49. This is a contro]ling or servo 
piston and it carries a valve rod ! 4|. This valve 
rod is provided with a valving head 142, a valving 30 
head 143 with an intermediate reduced portion 
144 providing a port. The passage 12 is provided 
with a bleed port |48 for cooperation with the 
controlling valve and exhaust port |45 as wfll 
present]y appear, and ]iquid under pressure may 35 
escape around the valve rod and through ports 
|41 in a sleeve surrounding the rod |4|. 
The sleeve which surrounds the rod is indicated 
at |59 and this sleeve carries a shifter member 
151 which has a flnger 152 which engages in a 40 
groove in the coupler 52. The sleeve is slidably 
mounted in the opposite walls of the casing, and 
as Fig. 1 is viewed. Surrounding the sleeve is 
a spring 5 which acts upon the shifter element 
151 and reacts against a portion of the statisn- 45 
ary housing 3 as shown, and the sleeve is pref- 
erably in axial alignment with the control piston 
14. 
The servo piston 14 is mounted on the rod |4| 
in flxed position and surrounding a portion of 0 
the piston rod is a spring 159, one end of which 
abuts the piston and the other end of which is 
arranged to act upon the piston rod and the sleeve 
ISg. For this purpose, the rod 14| is reduced in 
diameter where the spring is mounted over the 55 
same to thus provide a shoulder 169. The sleeve 
is enlarged internally to receive the spring 159 
and it bas an internal shoulder 161. A washer 
62 is disposed between the spring and the ahoul- 
der  and this washer bas a diameter so as 60 
fo abut the internal shoulder 16| on the sleeve. 
Also acting upon the piston and its rod is a spring 
 65 which reacts against the housing. 
The spring |59 is normally under compression 
but the forces exerted thereby, when the parts 65 
are in the position shown in Fig. 1 and Fig, 2, 
are resolved locally in the piston rod because the 
ends of the spring act against the piston head 
and the shoulder |68. The two springs 15] and 
159 have a rate relationship, as indicated by the 70 
diagrammatic view shown in Fig. 12, where the 
spring rates are indicated as lineal functions. 
The piston rod spring 159 bas a rate of increas- 
ing resistance indicated by the line |59 and it 
will be noted that this is a relatively steep rate 75 
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line. The spring 159 is preloaded. Of course, the 
showing in Fig. 12 is exemplary only, but in this 
example the spring 159 is pre-loaded to about 55 
pounds. Should the piston and piston rod move 
5 to the left about " with the sleeve |59 remain- 
ing stationary the spring |59 is further com- 
pressed to a load of about 100 pounds as shown 
by the upper end of the line |59. The sleeve 
 spring |5 bas a lower rate as indicated by the 
10 rate line |5. In the Fig. 1 position, the spring 
|5 may be compressed so that it exerts a load 
of about 40 pounds. If the spring be further com- 
pressed by movement of the shifter member !! 
about ï" to the left, as Fig. 1 is viewed, the 
15 spring load increases along the line |5 so that 
it exerts a load of about 48 pounds. 
When the parts are in the position as shown 
in Fig. 1, with the forces of spring |59 locally 
overcome in the piston rod, the spring |5 holds 
20 the shifter to the right with a pressure of about 
40 pounds and the teeth 59 and 5| are engaged. 
If hydraulic fluid under pressure is introduced 
into the cylinder, the piston and its rod move to 
the left and the spring |59 is compressed by this 
action so long as the sleeve 5e remains in posi- 
tion. This movement of the piston aiso com- 
presses spring 185. In this situation, the spring 
|59 flnds reaction in the shoulder 6| on the 
sleeve. If the piston and its rod complete its 
movement to the position shown in Fig. 2, the 
spring |9 exerts about 100 pounds pressure. 
Considering the chart in Fig. 12, there is a net 
pressure tending to shift the sleeve |5 te the 
left of about 60 pounds. When the sleeve shifts 
from the Fig. 1 position to the Fig. 2 position, 
as will later appear in the description of the op- 
eration, the spring |5 is compressed so that i 
exerts about 48 pounds on the shifter, while the 
spring |59 is permitted to expand by movemen 
of the sleeve but only to the extent of its pre- 
load so that it stfll acts on the sleeve and cou- 
pler with a pressure of about 55 pounds. This 
leaves a net spring pressure to the left on the 
sleeve and the shifter, as Fig. 2 is viewed, of about 
7 pounds, which is adequate to hold the sleeve 
and coupler in position. 
In considering the operation of the transmis- 
sion, it might be reiterated that the construction 
shown is of a simple form showing two speed 
ratios and a reverse and that in direct drive, 
which may be termed the high speed ratio, torque 
is transmittod through the friction clutch and a 
1:1 ratio is provided between the driving shaft | 
and the driven shaft 2. In this function, torque 
is transmitted through the clutch driving member 
4, the driving discs, the driven discs, the member 
43 and to the shaft 2. The gears at this time 
are idling. This is the condition illustrated in 
Fig. 2 where it will be noted that the coupler 
is shifted so that the teeth  and 5| are out 
of engagement. When the torque is transmitted 
through the gearing, which may herein be con- 
sidered the low speed ratio, the terre low being 
used relative to the direct drive ratio, the parts 
are in the position shown in Fig. 1 with the fric- 
tion clutch disengaged and with the coupler posi- 
tioned for dental engagement of the teeth 58 
and 5 |. The torque is now transmitted from gear 
4 through gear 6, gear 6, gear 32, the dentally 
engaging teeth 58 and 5 I, the coupler 52, member 
43 and to shaft 2. 
The shift from one ratio to another is ruade 
automatically as determined by the combined 
factors of speed and the position of the accelera- 
tor pedal which normally determines the terque 



eit_ig t. the 9.çn.t and to d.esççbe a shift 
let if be Ss.md thaç e eçh,asm is i n the 10w 
g :a9  shgw  g.  and that the engine 
is eliverig t0rqe hr.gugh th e transmission. 
The aer va,ve Ç0 i the element hich is di- 
reofly .do çhe inuc e of speed and e ac- 
celeratgr pedÇl ad this valve performs the fc- 
tion 9( O.ir9tiog the flow 0f quid under pressure. 
Uder the c0ntign s above specifled and with the 
masM va,ve n ifs ower position, .as shown in 
g, 3, th e Dump, of coure, is oDerating and quid 
undO prsse is evred thr0ugh thç line 4. 
This liqui undr pressure enes through port 
04 and it acts n opPosition fo the spring 
e iquid under pressçe ao fl0ws t9 passage 
[Ç bç thi8 passage is bl0cked by the vale head 
. t will b 0ted by reerence fo g. 1 that 
çhe sevo piston Ç is retracted to ifs Hgh t hand 
pÇii0n; that the relay valve is positioned up= 
war!y in ifs cylnder s0 that the port [ 8 fo the 
high pressure line is closed and the ports [0 and 
[ ad in commcation so that the cFlinder 
[ S ¢basted thr0ugh the line [. So long 
as thee is no subsntial chage in the lquid 
n he eon of e sprng 88, he mser valve 
wfl r i n he petïon shewn 
npres]çp C.nge  e rnsmsson. But he 
for ep]ç. he emOve vec]e begns 
v] çp  h] e ce]eror read!e may be 
depresçd hçs eveFng more oraue nd 
eFe pçsspr on he spng 88 nd hou n- 
ceas%ng $e sped wit the result that the parts 
FemaiB  t.e ew gear ratio s shown in g. 1. 
AsÇuming, hov«ever, that the accelerator treadle 
remin e!t!vely fixed and that the speed in- 
creases ......... s the vehic]e may travel along a ]evel 
hghwÇy the presçure inceases and ultimately 
wil evercomç he spçing 8 and shift the toaster 
vave pwad!y to the position sho in Fig. 4. 
This dictates a change from the low ratio to the 
high or OErect ratio. The port 6 is now open 
so that Hquid under Pressure passes through the 
çasge 3 and nto the upper end of the contro! 
r relÇF valv through the port 8. This pushes 
the cont'ol valve downardly against the action 
of the spHng  6. In this. position the exhaust 
Hne  $ is flrst closed and then the high pressure 
Hqui enters POrt 8, passes out through port 
2 trogh he. pressure line  to the servo 
ylindCr $. Ths starts movement of the servo 
pon  fo the left as Fig. 1 is vied..  the 
piston an its rod move te the left, the spng 
 9 is comPressed s if reacts against the shoulder 
6 o the sleeve. The slee and the slider are 
hed in position by the combined forces of the 
spring  and by the frictional load on the 
dsntal teth  and  and the frictional re- 
sst.ançe of th coupler splines. This is particu- 
]arly tUÇ if. tç terque load is heavF with the 
suit hat the piston and its piston rod may shift 
a the way to th e position shown in g. 2. In 
this movement, the eaust port  is c]osed by 
te Vvehd $ ad the Valve head  opens 
the pressure line  and liqd under pressure 
passes through por 2 into passage 6 through 
ports  and passage  fo the cylinder . is 
lqi p!,esure egins to shift the piston  to the 
riht as Fig- 1 iÇ vièwedand beins engagement 
of t cU0n 
diided, some 9£ which is tansmitted through 

frçt.io.n clu.tc.h an.d ipas..m.ç a te driv.i.ng ratips 
are different the divisions of torque oppose each 
0eït tlïe dët.al! énaï :ee.t. Th ïe- 
cise manner .of hiït wi.lï be disçussed lateç but 
5 fo the Presënt, we wfl.! continue wi)th tbe descrip- 
tion of the functi0n Of the. con.trolling mecha- 
nism. Suffice if. to say for the present that the 
friction clutch confira!es its engaging action. 
The spring 8 is tending fo shift the Coupler 
10 fo the !eft, as Fig. 1 is viewed, and the piston 
and its ro d ae substantially in thepoition .4hown 
in Fig. 2a. The torque load on the engaging teeth 
5 anale! and On th¢ CoUPler spli!/es plusthe 
10ad of the sPring ] .resist tbe ation of the 
15 spïing 8 ar4d the .shifter and c0p ler are he!d 
in the pig, 1 POsition. As the friction clutc 
continues its engagement the to_rque !oad on the 
teet! reduces and when the t0que load has been 
reduced t0 the point where the Ioad on the teeth 
20 plus th_e load of spring i'/s inadequate fo .vesist 
the spring 9, the sfte.r and Coupler shift to 
the Fig. 2 position The friction c!utc h continues 
engaging and finally bec0mes fully engaged. 
This is. a direct drive position where the torque is 
.2.5 tranÇm-.ittd diretly throgh the friction clutch. 
The part wi!! remain in this positio n @s detër- 
mined by the dictates o speçd and torque and 
the toaster valve and contr011ing valve will re- 
main in the pos!ti0n sown in Fig. 4 until a 
30 change in one of the factors eauses a shift of 
the toaster valve. If the liqd Pressure dimin- 
ishes or if pressure by the açce!erator treadle 
position increases sufficiently or if there is a 
combined chang e of these two factors which re- 
35 sults in a shift of the master valve bac k t0 the 
Fig. 3 position, then the pressure te the top of the 
control valve is cut off and the control valve is 
shifted upwardly by the spring  ! 6 ai hich rime 
the control va_lve may bleed through the ports 
4 {) . This cuts off the high !iquid pressure from 
the cylinder 6 and the liquid is exhausted 
through the line 3. Accordingly, the servo 
piston | moves back fo its right hand position 
shown in Fig. !. The pston and its piston rod 
 together with the spring 9 are moved back to 
the Fig. 1 positiQn by the action of t..he spring 
6. The forces of spring | are active only 
upon the hYdratflic medium and do net influence 
the cooperating relat_i0nship of the springs | 
.5, and |9, The P0siçion of the parts are now 
indicated in Fig. 2b, where if will be seen that 
the spring |9 has moved awaY from the shoulder 
$| of the sleeve. Thi.s closes the pressure line 
12 and pens çhe exhaust port I so that the 
, pressure in the çylinder  is relieved and the 
friction clutch begin.s t0 open. The opening or 
disengaging of the friction clutch may be con- 
trolle d by thë biee d por t |8 whic h controls the 
exhaust of the liquid. A t this moment there is 
60 not as yet su_fficien, t .m0vement of the shifter 
sleeve and the shifter || fo cause a dental en- 
.... 
gage¤ent due t 0 te Ipc!dng action above de- 
scribeç!. In other words, the _origine and driving 
shaft must accelerate fo bing the gear | up 
 fo the poin t of synchro_nizati0n with the coupler, 
ai which rime the blocker ring :i s oscillated fo an 
umblocking position and thon the shifter sleeve 
pops into position and the teeth 8 and  are 
dentally engaged fo ze-establish the low ratio. 
?0 When the coupler is re!eased by the blocker ring, 
the spr!ng |] shi-ffs the sleeve and coupler fo 
the right from blocked position tp the Fig. ! posi-, 
tion, hd  hs aç0n is not aff_ected by the 
spz,n., g !,s. 
5 cordng_ly, if wiH be 0bs_erved that the tran,sr 
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mission and ifs automatic shiït is under the com- 
bined influence and control of speed and torque. 
This is accomplished in part by liquid pressure 
which varies with speed and in part by the posi- 
tion oï the accelerator which is a determining 
ïactor on the torque. The mechanism is ho be 
properly coordinated so that a shift is made ho a 
higher or a lower ratio depending upon the de- 
mand of speed and torque. We bave deseribed 
an example of a shiït made from a low ratio ho a 
direct drive ratio. Assume now that the parts are 
in a direct drive ratio as shown in Fig. 2 and a 
vehicle begins ho go up an incline with a resultant 
drop in speed and a drop in the pump pressure. 
Upon the requisite drop in pressure, the master 
valve will shift from the Fig. 4 position ho the 
Fig. 3 position and a shift wfll be made ho the 
lower ratio. On the other hand, let it be assumed 
that the pressure remains constant and the ac- 
celerator be shifted ho open the engine valve, 
then the master valve may be shifted down ho 
effect a shift ho the lower ratio. 
The diagrams shown in Figs. 13 fo 17 are illns- 
trative of the function of the transmission when 
shifts are ruade. In this c0nnection if may be 
pointed out at this rime that a shift from the low 
ratio to the higher ratio is governed by the torque 
condition ah the dentally engaging teeth 0 and 
5. However, the shift from the higher ratio ho 
the lower ratio is accompanied and controlled by 
the function of synchronizing the teeth ho be 
dentally engaged. 
AI1 of the graphs shown in Figs. 13 ho 17 are, 
of course, only exemplary. Fig. 13 represents a 
shift from a low speed ratio of 1:2 ho a high or 
direct speed ratio of 1:1 and itis assumed that 
the shift is marie ah relatively high engine speeds. 
This graph assumes an engine speed of 3600 
1%. P. M. ah the beginning of the shift represented 
by the line a and ah this speed the engine torque 
is indicated by the line b. As above described, 
the friction clutch starts engagement and ifs en- 
gagement curve is shown ah c. As the friction 
clutch starts engagement some of the torque is 
divided and is transmitted ho the dentally engag- 
ing teeth. This torque gradually increases as 
shown by the area e and is in opposition ho the 
torque delivered ho the dental teeth through the 
gears as represented by the area g. However, as 
the friction clutch continues engagement, the 
torque transmitted thereby gradually increases 
along the curve c and the torque delivered 
through the gearing is gradually decreased along 
the curve c until the point dis reached. Ah this 
point there is a momentary state of equilibrium 
when the two opposi-ng torques delivered ho the 
dentally engaging teeth are substantially bal- 
anced and the torque on the dental teeth is sub- 
stantially zero. It will be observed, by reference 
ho the chart of Fig. 13, that ah this rime % of 
the engine torque is delivered through the friction 
clutch and /3 through the gearing; this is due ho 
the fact that the friction clutch delivers the 
torque directly whereas the gearing has a reduc- 
tion of 1:2. Itis ho be noted that in any shift 
from a lower ho a higher ratio, a part of the engine 
energy or horse power is uselessly expended in the 
slipping clutch, ttowever, this slipping clutch is 
attempting ho drive the output shaft ah a higher 
speed than the dental coupling permits. There- 
fore, there is no torque bucking or opposition 
in the output shaft and therefore no sensation of 
such ho the operator of the vehicle. The torque 
hucking which does occur is an internal affair 
in the transmission itself and occurs in condition- 
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ing the power coupler ho a zero torque condition 
whereby it may automatica!ly tincouple. 
Now, during this engagement of the clutch, if 
will be remembered that the spring 59 is load- 
5 ing the coupler tending ho shift the saine out of 
dental engagement with the gear 15. In this con- 
nection it may be pointed out that the helical for- 
mation of the dental teeth 55 and 5 perform an 
importnt function. The helix is such, that when 
10 the torque is translnitted therethrough ïrom the 
driving member ho the driven member, that there 
is a tendency for the teeth ho accept; in other 
words, the axial force on the coupler is ho the 
right as Figs. 1 and 2 are viewed. Ah the point d 
ï5 where the torque on the teeth is substantially 
zero, the teeth pop out of engagement. This may 
occur slightly beyond the point d ah the rime 
when the friction clutch bas reversed the torque 
on the dentally engaging teeth with the result 
0 that the direction of the helix aids in rejecting 
the coupler. 
Since the dentally engaging teeth are now com- 
pletely disengaged, the torque is transmitted en- 
tirely through the friction clutch, which, however, 
 must continue its engaging action beïore itis 
completely engaged and ull slippage ceases. The 
slippage of the clutch is illustrated by the area ]. 
During this rime the speed oï the engine de- 
celerates along the line a' which, ïor clearness, 
3(} is shown as a straight line function, until the 
speed of 1800 1%. P. M. is reached, where the engine 
levels off ah that speed. Aiso, the torque trans- 
mitted increases along the line b' until the clutch 
is flnully and completely engaged where the 
 torque levels .off along the line b". This example 
bas assumed a constant speed of the driven shaft 
and, therefore, the automotive vehicle, if it be 
considered that the mechanism is in an automo- 
rive vehicle. This example also assumes an in- 
è ternal combustion engine which bas a torque 
curve which is bout maximum ah 1800 1%. P. M., 
as shown by the line b" .but which is less ah 
3600 1%. P. M. as shown by the line b. 
A shift ho the high speed ratio under lower 
45 torque conditions is shown in Fig. 14. This graph, 
however, assumes the saine engine speeds. The 
saine reïerence letters are applied and the saine 
overall functions occur, ttowever, it will be noted 
that the shift is ruade over a shorter period of 
50 rime. Both charts are divided horizontally ho in- 
dicate radians per second, it being noted that the 
radians in the low gear condition bave twice the 
length of the radians oï the high gear condition, 
and the radians gradually change in the transi- 
55 tion stage which exists from the moment of dis- 
engagement of the dentally engaging teeth ah the 
point g ho the rime when the ïriction clutch be- 
cornes completely engaged. 
Fig. 15 shows a graph indicating a shift from 
60 high speed ratio ho low speed ratio ah the engine 
speeds and under torque conditions similar ho 
those shown in Fig. 13. The curve K is the curve 
of clutch disengagement and the disengagement 
begins ah the top Of the curve. The clutch be- 
65 gins ho slip as represented by the area l and the 
torque  ah the engine speed h drops along the 
curve ' while the engine speed is increasing 
along h' which is indicated as a straight line 
function. It will be understood,-0f course, that 
70 in the direct drive position as shown in Fig. 2, 
that the gear 15 and the dental teeth 50 are op- 
erating ah z/e the 1%. P. M. of the driving shaft 
and, thereïore, the teeth 51. As the clutch be- 
gins ho slip, it being appreciated that the posi- 
75 tion of the engine throttte is maintained, the 



speed of the engine increases. At this rime, it 
will be remembered that the liquid pressure is 
being exhausted from the clutch cylinder 47 and 
that the pressure is being exhausted from the 
servo cylinder 156, and, as a result, the spring 
165 shifts the servo piston and itsrod to the 
riht frein the Fig. 2 position until the parts 
arrive at the position shown in Fig. 2b. Itis, at 
this rime, that the blocking function of the Power 
coupler controls the situation. As above de- 
scribed, the coupler is urged te the right by 
spring 157, carrying with itthe blocking element 
5 through the yieldable connection 67. The 
blocking element frictionally engages the facing 
6 and is oscillated by the slower moving gear 
I to the bloking position shown in Fig. 10 
where the block/ng teeth 73 lie in front of the 
spline teeth 74 on the coupler. As the friction 
c!utch continues disengagement along the curve 
k and the engine speed increases along the curve 
h', the gear 15 increases its speed and finally 
reaches a point where itis synchronized with the 
coupler. Just as it moves over the point of syn- 
chronization and begins to overrun the coupler 
the direction of relative motion reaction is re- 
versed and the coupler is oscillated to the posi- 
tion shown in Fig. 11, and at this instant, the 
loaded spring 157 pops the teeth 51 into dental 
engagement with the teeth 5}. This occurs sub- 
stantially at the point n. The torque is now 
divided, some being transmitted through the 
friction clutch and some through the engaging 
teeth and the clutch continues slippage long 
the curve k until itis- completely disengaged. 
The are m illustrates the power loss due to the 
bucking torques during the final disengaging 
s!ippage action of the clutch. 
Fig. 16 fs a view similar to Fig. 15 but show- 
ing the shift from direct to low speed ratio at 
the saine engine speeds, but at lower torque de- 
!ivery. The reference characters are the saine 
as those used in Fig. 15. It will be noted that 
the rime period is considerably lessened. 
Fig. 17 fs a graph similar to Fig. 13 but show- 
ing a shift from a relatively low speed ratio fo 
a higher sieed ratio where the relationship is 
!.5:1. In other words, the high ratio may be 
direct and the lower ratio may be 1:1.5. The 
saine reference characters are employed as are 
used in Fig. 13, but it wili be noted that the en- 
gine speed before the shift is in the vicinity of 
2i00 R. P. 1Vf. delivering torque b. The speed 
of the engine decreases as indicated at a' to 
about 1800 . P. 1Vf. as indicated at a", while 
the torque increases in the transition stage along 
the curve b' and levels off at b". The point of 
dental disengagement is substantially at the lo- 
cation d. It will be noted that the torque trans- 
mitted through the friction clutch is proportion- 
ately lower because of the relationship of the 
high and low speeds. This, of course, would vary 
wi$h a!l different relationships between the two 
ratios fo and from which the shift is ruade. In 
all of the graphs from Figs. 13-17 inclusive, the 
ordinates represent torque in pounds-feet while 
the abscissa represent angular displacement in 
radians per second. By definition, the energy of 
a torque is that torque multiplied by its angu- 
!af displacement. Therefore, any area such as 
e, g, or ] represents energy per second and is 
likewise representative of horsepower. For ex- 
ample at the instantaneous point d (Figs. 13 or 
14) substaniially % of the egine horsepower is 
expended in the friction clutch whfle substan- 
tialiy /s oï the engine horsepower is being trans- 

14 
mitted usefully to the output shaft. Immedï- 
ately after the point g, substantially e/s of the 
engïne horsepower is being expended in driving 
the output shaft, while substantially /3 of the 
5 engine horsepower is being expended in reducing 
engine speed. As rime progresses during the 
shift more and more of the available horsepower 
is usefully expended in driving the output shaft, 
while less and less is uselessly expended in the 
lo area ] to reduce engine speed to that dictated by 
the new driving ratio £0 the point where clutch 
siippage stops, the shift is completed, and all of 
the aailable horsepower flows through to the 
output shaft. 
]5 It will e noted that in every instance the loss 
of energy due to the bucking or opposing torque, 
during the shift, is minimized. As shon in Fig. 
3, there is  loss indicated by the area e but 
the dental coupling lets go or disengages instant- 
2O ly and the remaining loss ] is due only to the slip- 
page of the clutch as it approaches full engage- 
ment. Irr shffting clown te a lower ratio, as 
shown in Fg..!5 the area l indicates a loss as 
the friction clutch begins to slip but the dental 
5 engagement is ruade with instant action sub- 
stnially at the point n, arld the area m indi- 
cates a loss during the tirne the friction clutch is 
cempleting its disengaging action. 
I claim.: 
30 1. A mechanism for transmitting torque com 
prising, a driving member, a driven member, said 
mechaniim being eperable under torque load fo 
change the ratio between the driving member 
and the driven member, a friction clutch for con- 
35 necting the members together at a relativeïy high 
speed rati and arranged to be engaged and dis- 
engaged, connection means inc!uding cooperat- 
ing teeth arranged to be dentally engaged and 
disengaged for connecting the members together 
40 at a relatively low speed ratio, some of the teeth 
being connected with the driving member and 
seme of the teeth being connectab!e to the driv- 
ing member through the friction clutch, and 
means 0potable fo. cause engagement of the fric- 
45 ti0r cltch while the teeth are engaged whereby 
the torque deliver.ed from the driving member is 
divided and delivered to the engaged teeth in 
opposing mariner, said rneans being operable to 
cause, disengagement of the teeth when the tor- 
0 que delivered to the ergaged teeth through the 
friction clutch substantially equals the torque 
deliveled to ihe teet-h which are connected to the 
drivng member. 
2. A mechanism for transmittini torque com- 
55 prising, a drlving member, a driven member, sid 
mechanism being operb!e under torque load to 
change the ratio between the driving member and 
the driven member, a friction clutch for connect- 
ing the members together at one speed ratio and 
60 arranged t0 be engaged and disengaged, means 
including a dental coupling ,for connecting the 
members together ata relative!y low speed ratio 
ard ha-ring a first coupling member with a set 
of teeth connected to the driving member and 
6 a second coupling member with a set oî teeth 
cenneeted, to the driven member and connectable 
o the driving member through the friction 
clutch, at least one coupling member being shift- 
able for causing engagement and disengagement 
0 of the teeth, and means operable to cause en- 
gagement of the îriction clutch whfle the teeth 
are erlgaged, whereby the torque delivered by 
the driving member te the dental coupling is 
divided and deiivered to the engaged teeth in 
 opposite manner, said means being operable to 
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cause disengagement- of the dental coupling when ïïom the teeth which are connected to the driving 
the torque delivered to the set of teeth of the member and ïrom the teeth connected to the 
second coupling member through the friction clutch, said means being operable to cause disen- 
clutch substantially equals the torque delivered gagement of the teeth when the torques to which 
to the set of teeth of the first coupling member. 5 the engaged teeth are subjected become sub- 
3. A mechanism for transmitting torque coin- stantially equal. 

prising, a driving member, a driven member, said 
mechanism being operable under torque load to 
change the ratio between the driving member and 
the driven member, a clutch for connecting the 10 
members together at a relatively high speed ratio 
and arranged tobe engaged and disengaged, said 
clutch being of a type capable of slipping and 
capable of gradual engagement, means includ- 
ing a dental coupling for connecting the mem- 15 
bers together at a relatively low speed ratio 
and having a toothed first coupling member 
connected to the driving member and a toothed 
second coupling member connected to the driv- 
en member and connectable to the driving mem- 2O 
ber through the clutch, and means operable to 
cause engagement o.f the clutch while the teeth 
are engaged, whereby tle torque delivered by the 
driving member is divided and delivered in op- 
posing manner to the dental coupling, said means 25 
being operable to cause disengagement of the 
dental coupling when tle torque delivered fo the 
second coupling member through the clutch sub- 
stantially equals the torque delivered to the first 
coupling member. 3o 
4. A mechanism ïor transmitting torque com- 
prising, a driving member, a driven member, said 
mechanism being operable under torque load to 
change the ratio between the driving member and 
the driven member, a clutch ïor connecting the 35 
members together atone ratio and arranged to 
be engaged and disengaged, said clutch being of 
a type capable of slipping and capable of gradual 
engagement, means including a dental coupling 
for connecting the members together at a differ- 40 
ent ratio and having a rirst toothed coupling 
member connected to the driving member and 
a second toothed coupling member connected 
to the driven member and connectable to the 
driving member through the clutch, and means 45 
operable to cause engagement of the clutch while 
the teeth are engaged, whereby the torque de- 
livered by the driving member is divided and de- 
livered in opposing manner to the dental cou- 
pling, said means being operable to cause dis- 50 
engagement oï the dental coupling when the 
torque delivered to the teeth of the second cou- 
pling member through the clutch substantially 
equals the torque delivered fo the teeth of the 
first coup]ng member. 55 
5. A mechanism for transmitting torque com- 
prising, a driving member, a driven member, said 
mechanism being operable under torque load to 
change the ratio between the driving member 
and the driven member, a friction clutch for con- G0 
ditioning the mechanism to provide for con- 
necting the driving and driven members together 
ata relatively high speed ratio, said clutch 
ranged to be engaged and disengaged, connection 
means including cooperating teeth arranged to 65 
be dentally engaged and disengaed ïor con- 
ditioning the mechanism to provide a connection 
between the driving and driven members at a 
relatively low speed ratio, some of the teeth being 
connected to the driving member and some oï 70 
the teeth being connected to friction clutch 
members, and means operable to cause engage- 
ment of the ïriction clutch while the teeth are en- 

6. A mechanism for tïansmitting torque com- 
prising, a driving member, a driven member, said 
mechanism being operable under torque load to 
change the ratio between the driving member 
and the driven member, a friction clutch for con- 
ditioning the mechanism to provide for connect- 
ing the driving and driven members together at 
one ratio, said clutch arranged to be engaged and 
disengaged, connection means including cooperat- 
ing.teeth arranged to be dentally engaged and 
disengaged for conditioning the mechanism to 
provide a connection between the driving and 
driven members at a different ratio, some of the 
teeth being coïmected to the driving member and 
some of the teeth being connected to ïriction 
clutch members, and means operable fo cause 
engagement of the friction clutch while the teeth 
are engaged whereby the engaging teeth are sub- 
jected to opposing torques from two sources, 
namely, from the teeth which are connected to 
the driving member and from the teeth cormected 
to the clutch, said means being operable to cause 
disengagement of the teeth when the torques fo 
which the engaged teeth are subjected become 
substantial!y equal. 
7. A mechanism for transmitting toïque com- 
prising, a driving member, a driven member, said 
mechanism being operable under torque load fo 
change the ratio between the driving member 
and the driven member, a clutch operab!e to 
condition the mechanism for providing a driving 
connection between the driving rnember and the 
driven member at a relatively high speed ratio, 
said clutch arranged to be engaged and disen- 
gaged and being of a type  capable of slipping 
and capable of gradual engagement, means 
cluding a dental coupling operable for condition- 
ing the mechanism to provide a connection 
tween the driving and driven members at a rela- 
tive!y low speed ratio, said dental coupling hav- 
ing a first set of teeth connected to the driving 
member, and a second set of teeth cormected to 
the clutch, means operable to cause engagement 
of the clutch while the teeth of the coupling are 
engaged whereby opposing torques are delivered 
to the dental coupling through the first set of 
teeth and through the engaging clutch, said 
means being operable to cause disengagement of 
the dental coupling when the torques to which 
the coupling is subjected become substantially 
equal. 
8. A mechanism for transmitting torque com- 
prising, a driving member, a driven member, said 
mechanism being operable under torque load fo 
change the r.tio between the driving member and 
the driven membre', a clutch operable to condition 
the mechanism for providing a driving connection 
between the driving member and the driven ruera- 
ber at one ratio, said clutch arranged to be 
gaged and disengaged and being of a type capable 
of slipping and capab.].e of gradual engagement, 
means including a dental coupling capable of en- 
gagement and disengagement and operable for 
conditioning the mechanism to provide a connec- 
tion between the driving and driven members at 
anotheï ratio, said dental coupling having a first 
set of teeth connected to the driving member, 

gaged whereby the engaging teeth are subjected and a second set of teeth connected to the clutch, 
fo opposing torques from two sources, namely, 75 means operable to cause engagement of the clutch 



wile, the teeth, of thë-: coupIing g'e: enga:gl: 
vherebF opp0sing torques are. dëI.ivered t the 
dentaI coupling through the first set of teeth 
through the engaging ciutCh, said ïneans beng 
operable to cause disengügernen of the denà-I. 
coupling when the t0rques tWhich. the Coupliiqg 
is Subjected. becore substàntially equa]: 
9. A ïnechanisïn for transïniting or.que .coïn- 
prising, a ch'iving ïneïnber, a diven. ïnember said 
mechanism being operable, u_nder., torquë Ioad 
change, the. ratio between the diving ïnera-bè 
and the driven meïnber, a fiction clutch direc]y 
associated between the driving ïneïnber and. the. 
driven ïnernber for connecting the ïnneïnbeS 
rectly togeth'er and arranged fo be. engaged and 
disengaged, said .friction clutch adapted for 
ual engageïnent accompanied by.slippage, a den- 
tal coupling including wo toothed ïnembers-fe 
connecting the dri,/ing rnernbe and. the. 
ïnember together at a ratio.other-than direct, ne 
of çhe toothed  meïnbers beïng shiftable fo] en- 
gagement nd. disengageïnent of the-teeth of- tle 
meïnbers» gea.ring connecting, ene toothed. ïneïn- 
beï to the dïiving, member, the other..toCthed, 
meïnber being, c.oneced to the driven meïmer: 
and beg. c0nnectab!e o the driving ïnneïnber 
throngh the friction clutCh, ïneans operable to 
cause engageïnent of the friction.clutch vhïle the 
dental coupling is engaged, whereby the torqUe 
delivered, bF the driving ïneïnber is diided vih. 
soïne being transrnitted to the dentl couplng 
through the friction clutch and som_e deliverei-to 
the dental coupiing in opposing manner through 
the geaçing, said means being operab]e t0 cause 
disengageïnent oî the dental coupling when the 
torque delivered to the coupling through the fric- 
tion clutch has increased, due to the goEadual- ën- 
gagement of the clutch, fo A]e point where if sub- 
stantialiy equals t.he toïque delivered to the cou- 
pling through the gearing, 
10. A ïnechanisïn îor transmitting torque corn- 
prising, a driving ïneïnber; a driven ïnember, said. 
ïnecha.nisïn being operable under torque Ioad fo 
chsnge the ratio beween ttle.driving meïnbér and- 
the driwn meïnber, a friction clutch for. coimect 
ing t/ae driving ïneïnber and the driven ïneïnbër 
together at one ratio, said clutch arranged to be 
gradual!y engaged and disengaged accoïnpaoEied 
by slippage, a dental coupling inc!uding tWO 
teoth0. ïneïnbers.for connecting thech'iving meïn- 
ber and the driven meïnber together at an0ther. 
ratio; one of the-toothed mneïnbers being shiftable 
for engageïnent and disengageïnent of. the teeth. 
of the meïnbers, gearing cormecting one tòothed 
member to the driving ïneïnbe the other toothed 
ïnember being connected to the drien ïneïnbër 
and being connectable to. the driving ïnemIeï" 
through the friction clutch, ïneans operablê 
cause engagement of the friction, clutch whi!ethe 
dental coupling, is engaged, whereby the torqUe 
delivered by the driving ïneïnber is dividei. With 
soïne, being transïnitted to the dental c0upling 
through the:friction clutch and.sorae dëlivered 
the: dental coupling in. oppoSing ïnarme. throgh: the gearing, said. means- being opergbI të. caase  
disengageïnent of the dental coupling:vhen- 
torque delivered to the.coupling through:he fi'ic 
tion Clutch bas increased,, due tv ttoEe: gradual en:. 
gageïnent of theclutch., to the point Whereit sub- 
stantiatlF equals the torque .deliveed to the-cou- 
pliqg through the gearing. 
11: A: ïnechanism for transmitting torque 
prs]pg.» a. dr_iving meïnber, a. driven mneïnber;.sgid- 
meç.an.ism..: being:ee.operble:.under: torque- load .t0: 
chg._e.- the_ ratio, been: :the: drting: ïnernoer 

and the. driven meïnber a :f9ïcti0n cluch 
associated between, the driving ,neïnber. and: 
drlven ïneïnber for. connecting, the mernbers ..di. 
rec%ly together and arrnged.to be engaged and. 
 disengged, suid fric%ion cluch, a%ed, for 
graduel engagement accomp,nied, b slippag,.. 
dental coupling cluding. two toothed memb4rg. 
for cOnnecting the driving member .nd 
driven, member togehe. t u spee rugi-o, loir 
I0 than direct, one Of the. toothed member_ be 
shiftuble for engagement oï the teeth of; the. 
toothed members, geuring connec%ing one. 
toothe member fo the drivi, member, 
oher oothed member being connected o the 
 driven member and being connectable fo the_ 
drin membeï through the ïriction clutch,. 
ïneans operuble fo cause engagement, of.the::fr. 
tion clutch while %ho dental coupling, is enged, 
whereby the. %orque. delivered by the .oEiving 
0 member is divided wlth some beg 
fo %ho dental coupling in opposing-mnne 
through the fr.iction clutch and some: deli?eë 
fo %he don%al coupling through %ho gerg:,.. 
ïneuns being oerble fo cuse disenggemen:of 
25 the dental coupling when the. torque delier. 
to the coupling through the friction clutch bas: 
increased, due to the gradual engagement-oï 
clutch, to the point where it substaniallyequal. 
the torque delivered to the coupling through-te 
0 gearing. 
12. A mechanisïn îor transmittig:torque com 
prisfl]g a driving member,, a drive member, sai. 
mechanism being operable under orquë loa-dïto: 
change the ratio between the drivig 
5 and the driven member, a friction clutch for Cen 
necting the dring membe and the dfien mem, 
ber at one ratio, said clutch arranged to be 
gaged and disengaged, means including, a eï 
coupling for connecting the driving member 
0 the driven member together at u fferent 
said dental coupling inclung a toothed ruera-- 
ber connected to the driving-membêr and g ' 
toothed member which is shiftable fO establisti 
and disestablish the dental engageïnent, the: 
shiftable toothed member being codce to-the 
45 
iven member and-connectble to the ing 
memberthrough the cluch, control means 
able to êngage the clutcti while the denta] cou- 
pling s established, whereby the rque  divide- 
and delivered to the-dental-couplg in opposing 
50 
mater, said means being-operable to shiït he 
sftable toothed member- to sestblish th 
dental coupling when the disions- 0f oque de- 
livered to the dental c0upng-become substan 
tially equal, said control meurs beig oPeie 
55: to disengage the friction clutch and to placé a 
load on the shiftable member tendïng. o Shif 
it ward dental engaged position., bl6ckig 
means for blockAng rnoement of the shif-tablë 
toothed member, said blokLng mes]ris beg 
60. erble to release the bl0cMg äctib wtçe 
two toothed members of the deI 
stoEtable mbëf moves t  dêtl!y 
pGSitî: 
65- 13. A ecanism for transmittig torqu 
prising, a driving member, a driven member; 
said nechanism being operab!e-und;e :tqnë: 
load to change ' the: ratio between the- drg 
member and the drivenmember, a: fictïon ctuti 
70. for connecting the members togethe.at One:raid 
said clutch arranged- fo- be- engage an OEsê 
gaged acmpaniedby slippge, a déntk; copI-g 
including two toothed mbers fr 
thë driving member amd-the rïYen 
7 gerber ai .a- diren raio, ohe oZ- te. tëët  " 
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19 
members being shiftable for engagement and dis- 
engagement of the teeth of the toothed mem- 
bers, .gearing eonnecting one toothed member to 
the driving member, eontrol means operable fo 
engage the eluteh and fo disengage the dental 
coupling, and operable fo disengage the clutch 
and tend fo engage the dental eoupling, said son- 
trol means including a shiftable element oper- 
able substantially when the torque delivered by 
the engaging clutch to the coupling substantially 
equals the torque delivered to the couplin2" 
through the gearing, and blocker means operable 
to block movement of the shiftable toothed ruera- 
ber toward dentally engaged position as the fric- 
tion clutch is releasing and operable to release 
the blocking action when the two toothed mern- 
bers of the dental coupling become substantially 
synchronized. 
14. A mechanism for transmitting torque com- 
prising, a driving member, a driven member, said 
mechanism being operabte under torque load to 
change the ratio between the driving member 
and the driven member, a friction clutch for con- 
necting the driving and driven members to- 
gerber atone ratio and arranged tobe engaged 
and disengaged, means including a dental cou- 
pling for connecting the members together at a 
different ratio including two toothed members, 
one of which is connected to rotate with the 
driving member and the other of which is shift- 
able and connected to rotate with the driven 
member and connectable to the driving member 
through the friction clutch, operating and con- 
trol means for engaging the clutch and shiftLug 
the shiftable toothed member to disengage the 
dental coupling when the torque delivered to the 
dental coupling by the engaging clutch is sub- 
stantially equal to the torque delivered to the 
coupling through the toothed member connected 
by the driving member, said operating and con- 
trol means being operab!e to disengage the clutch 
and to shift the shiftable toothed member to 
effect establishment of the dental coupling when 
the two toothed members become substantial 
synchronized. 
15. A mechanism for transmitting torque com- 
prising, a driving member, a driven member, said 
mechanism being operable under torque load to 
change the ratio between the driving member 
and the driven member, a friction clutch di- 
rectly associated between the driving member 
and the driven member for connecting the mem- 
bers directly together and arranged tobe en- 
gaged and disengaged accompanied by slippage, 
a dental coupling including two toothed mem- 
bers for connecting the driving and driven mem- 
bers together ata ratio lower than direct, gear- 
ing connecting the driving member and one 
toothed member so as to operate said teothed 
member léwer than that of the speed of the driv- 
ing member, means slidably connecting the other 
toothed member to the driven member, said 
other toothed member being connectable to the 
driving member through the friction clutch, 
means operable to engage and disengage the 
clutch, means operable to shift the shiftable 
toothed member out of dental engagement in- 
cluding an actuator effective substantially when 
the torque delivered to the dental coupling by 
the engaging clutch substantially equals that de- 
livered to the coupling through the said one 
toothed member, the said means operable upon 
the shiftable member being effective as .the fric- 
tion clutch is disengaged to tend to shift the 
saine toward dentally engaged position, blocker 

2O 
means effective by relative motion reaction for 
blocking movement of the shiftable toothed 
member to dentally engaged position and oper- 
able upon acceleration of the toothed member 
5 connected to the driving member substantial!y 
to the point of synchronization to the shiftable 
toothed member to release the blocking action 
for movement of the shiftable member to den- 
tally engaged position. 
!0 16. In a transmission, a housing, a driving 
member entering the housing from one side 
thereof, a driven member entering the housing 
at the opposite side thereof and substantially 
co-axial with the driving member, a gear on .the 
]5 driving member adjacent said one side of the 
housing, another gear connectable to the driven 
member and positioned adjacent the other side 
of the housing, a counter-shaft and reverse shaft 
in the housing positioned equi-distant from the 
20 centers of the driving and driven members, the 
counter-shaft having first and second gears 
thereon, the reverse shaft having first and sec- 
ond gears thereon, the gear on the driving ruera- 
ber and the frst gears on the cotmter-shaft and 
25 reverse shaft being substantially in the saine 
plane adjacent one side of the housing, the sec- 
ond gears on the counter-shaït and on the re- 
verse shaft being shiïtable and selectively en- 
gageable with said other gear and being posi- 
30 tioned adjacent the opposite side of the housing, 
whereby to provide clearance in the central por- 
tion of the housing, the first gear on the coun- 
ter-shaft engaging the gear on the driving mem- 
ber, .the lïrst gear on the reverse shaït engaging 
35 with and being smaller than the first gear on the 
counter-shaft so as to clear the gear on the driv- 
ing member, and friction clutch means disposed 
in the central portion of the housing for coupling 
the driving and driven members together. 
40 17. In a mechanism for transmitting torque, 
a driving member, a driven member, interme- 
diate elements ïor connecting the driving and 
driven members together at different speed 
ratios, including a friction clutch for connecting 
45 the members together atone speed ratio and 
speed change means including a coupler having 
teeth thereon and a cooperating element having 
teeth thereon for connecting the members 
gether at another speed ratio when the teeth on 
50 the coupler and the teeth on the cooperating ele- 
ment are dentally engaged, means for slidably 
mounting the coupler, said coupler being shift- 
able to positions where said teeth are engaged 
and disengaged respectively, operating means for 
55 cauing engagement and disengagement of the 
friction clutch, the said means for s!idably mount- 
ing the coupler and the dentally engaging teeth 
being angularly disposed helically relative to each 
other, whereby transmission of torque, when the 
60 teeth are dentally engaged, places a thrust on 
the coupler in a direction depending upon 
whether tl]e torque £s de]ivered from the driving 
member or thedriven member, control means op- 
erable in timed relationship fo the said operat 
65 ing means for placing a thrust on the couples, 
said relative angle being such that the th]]st 
caused thereby in a direction which tends to 
break the dental engagement is insufficient to 
shift the coupler due to the combined loads on 
70 the coupler, whereby the teeth remain dentally 
engaged upon torque reversa!, said control means 
being operable to vary the thrust on the coupler 
ïor axial shift oï the coupler to break the dental 
engagement when the thrust on the coupler inci- 
75 dent to the transmission of torque is in a direc- 



tion tending to break the dntal engageme_nt. 
t8. In a mechanism for transmitting torque, a 
driving member, a driven member, intermediate 
elements for connecting the driving and driven 
members together at different speed ra.tios, in- 
cluding a friction clutch for connecting the mem- 
bers together atone speed ratio and speed change 
means including a coupler having teeth thereon 
and, a coopeatig element having teeth thereon 
for comecting the members together af another 
speed ratio when the teeth on the coupler and 
the teeth on the. cooperating e!ement are dentally 
engaged, means for slidably mounting the cou- 
pler, said coupler being shiftable to positions 
wher.e, said teeth are engaged and dengaged re- 
spectively, opel:a'ing ïnea.ns ïor causing .engage- 
ment and disengagement of the friction clutch, 
the said means for slidably mounting the coupler 
and the dentally engaging teeth being angularly 
disposed helically relative to each other, whereby 
transmission of torque, when the teeth are den- 
taily engaged, places a thrust on the coupler in a 
direction depending upon whether the torque is 
delivered from the driving member or the driven 
member, control means operable in timed rela- 
tionship to the said operating means for placing 
a thrust on the coupler, saïd relative angle being 
such that the thrust caused thereby in a direction 
which tends to break the dental engagement is 
lnsufficient to shift the coupler due fo the com- 
bined loads on the coupler, whereby the teeth 
remain dentally engaged upon torque reversal, 
said control means being operab!e to vary the 
thrust on the coupler îor axial shiït.oî the coupler 
to break the dental engagement when the thrust' 
on the coupler incident fo the transmission of 
torque is' in a direction tending fo break the 
dental engagement, said control means being 
oDerable fo shiït the coupler toward dentally en- 
gaged position and blocking means for preventing 
the coupler from shifting to dental engaged posi- 
tion whfle the coupler and the toothed e!ement 
are dis-synchronized, the blocking means being 
operable for releasing the blocking action when 
the coupler and the toothed eiement become sub- 
stantially synchronized. 
19. In a-mechanism for transmitting torque, a 
driving member, a driven member, intermediate 
elements for conecting the driving and driven 
members together at different speed ratios, in- 
cluding a friction clutch for connecting the mem- 
bers together atone speed ratio and speed change 
means including a coupler having teeth thereon 
and a cooperating element having teeth thereon 
for connecting the members together at another 
speed ratio when the teeth on the coupler and 
the teetloE on the cooperating element are dental!y 
engaged, means for slidably mounting the coupler, 
said coupler being shiftable to positions where 
said teeth are engaged and disengaged respec- 
tively, operating means for causing engagement 
and disengagement of the friction clutch, the 
said means for slidably mounting the coupler and 
the dentally engaging teeth being angularly dis- 
posed helically relative to each other so that when 
torque is transmitted from the driving member 
an axial thrust is placed on the coupler tending 
to hold the coup!er in dentally engaged position, 
and so that when there is a torque reversal at 
the dentally engaging teeth, the axial thrust 
tends fo shift the coupler out of dental engage- 
ment, the relative angle being such that the 
thrust upon such torque reversal is insufficient 
to shift the coupler, whereby the teeth remain 
dentally engaged, and control means operab!e in 

timed relationship with the said operating .ïneans:. 
for placing an axial thrust onthe coupler for-the: 
shift of ¢he coupler fo break the dental engag.e- 
ment. 
5 20. In a mechanism for transmitting .trclue, a 
d:iving member, a driven..member, int_ermedae 
etements foï connecting the driving and dr.ven 
members together a.t different speed ratia» 
cluding a friction clutch ïorconnecting the ruera- 
I0 ber together at-one.sp_eed_ratioand sioeed chaaae 
means including a cupler having eeth 
and. a cooperating e!ement having teeth thezeon 
ïor connecting the members together at .ano}he.r. 
speed ratio when the teeth on the coup!er .and 
15 the teeth on the cooperating element are denta!y. 
enga.ed, means for s!idably mounting the:: cou- 
pler, said coupler being shiftable to positions 
where said teeth are engaged and disengagect re« 
spectively, operating means for causing engag, e- 
20 ment and disengagement o the ïriction clutch, 
the said means for slidably mounting the còupe 
and the dentally engaging teeth being angula'ly 
disposed he!ically relative to each other so tha, t 
when torque is transmitted from the driving 
5 member an axial thrust is placed on the coupler 
tending to hold the coupoEer in dentally engaged 
osition, and so that when there is a t0rque 
reversal at the dentaïly engaging teeth, the axial 
thrust tends to shiît the coupler ou-t of dental 
3O engagement, the relative angle being such that 
the thrust upon such torque reversal is insuiïi- 
cient to shiït the coup!er, whereby the teeth re 
main dentally engaged, and control means oper- 
able in timed relationship with the said operating 
3,5 means for placing an axial thrust on the couplêr 
îor the shif of the coupler to break the dental 
engagement, said control means also being oper- 
able for shift of the coupler toward dentally.en- 
gaged position and b!ocking means for blocking 
movement of the coupler toward dentally engaged 
4O iositio n while the coupler and the toothed ele- 
ment are dis-synchronized, the blocking means 
being operable by said toothed element for re- 
leasing the blocking action when the toothed 
45 element and the coupler become substanially 
synchronized. 
21. A mechanism for transmitting torque cm- 
prising, a driving member, a driven member, said 
mechanism being peïable under torque load 
5O change the speed ratios between the driving ruera- 
ber and the driven member a friction clutch 0r 
conditioning the mechanisra to provide for con- 
necting the driving and driven members together 
at one speed ratio, said clutch arranged to be 
55 engaged and disengaged accompanied by slip- 
page, gearing associated with the driving and 
driven members, means for conditiomng the gear- 
ing for corm_ecting the driving and driven mena- 
bers together at a different sçeed ratio, including, 
two toothed members, one of which is a s!idable 
60 coupler and the other of which is adapted to have 
ifs teeth dentally engaged and dissngaged by the 
teeth of the slidable coupler, control means oper- 
able to engage the clutch and to disengage the 
dental coup!ing and operable to disengage the 
65 clutch and to engage the dental coupling, said 
control means including a s-hiïtable element oper- 
able for shifting the coupler to disengage the 
dental coup!ing substantially when the torque 
delivered through the engaging clutch to the en- 
70 gaged teeth substantially equals the torque deliv- 
ered to the engaged teeth through the gearing. 
22. A mechanism for transmitting torque com- 
prising, a driving member, a driven member, said 
mechanism being operable under torque load to 
7 change the speed ratios between the drlvlng 



iriembër and the driven member, a friction clutch 
for conditioning the me.chanism to provide for 
connecting the driving and driven members to- 
gerber atone speed ratio, said clutch arranged 
fo be engaged and disengaged accompanied by 
slippage, gearing associated with the driving and 
driven members, means for conditioning the 
gearing for connecting the driving and driven 
members together ata different speed ratio, in- 
cluding, two toothed members, one of which is a 
slidable coupler and the other of which is adapt- 
ed to bave its teeth dentally engaged and dis- 
engaged by the teeth of the slidable coupleï, and 
means operable to cause engagement of the fric- 
tion clutch whfle the teeth of the said two toothed 
members are denta!ly engaged, whereby the teeth 
are subjected to torque ïrom two sources, name- 
ly, from the engaging clutch and from the gear- 
ing, and means operable to cause disengagement 
of the teeth when the torques to which the en- 
gaged teeth are subjected become substantia!ly 
equal. 
23. A mechanism for transmRting torque com- 
prising, a driving member, a driven member, said 
mechanism being operable under torque !oad to 
change the speed ratios between the driving 
member and the driven member, a friction clutch 
for conditioning the mechanism to provide for 
connecting the driving and driven members 
gerber atone speed ratio, said clutch arranged 
tobe engaged and disengaged accompanied by 
slippage, gearing associated with the driving and 
driven members, means for conditioning the 
gearing for connecting the driving and driven 
members together ata different speed ratio, in- 
cluding, two toothed members, one of which is 
a slidable coupler and the other of which is 
ed to have its teeth dentally engaged and dis- 
engaged by the teeth of the s!idable coupler, con- 
trol means operable to engage the clutch and to 
disengage the dental coupling and operable to 
disengage the clutch and to engage the dental 
coupling, said control means inc!uding a shift- 
able element operable for shifting the coupler to 
disengage the dental coupling substantially when 
the torque delivered through the engaging c!utch 
to the engaged teeth substantially equals the 
torque delivered to the engaged teeth through 
the gearing, and blocker means operable to biock 
movement of the coupler toward delïtally en- 
gaged position as the friction clutch is releasing 
and operable to release the blocking action 
the two toothed members become substantially 
synchronized. 
24. A mechanism for tïansmitting torque com- 
prising, a driving member, a driven member, said 
mechanism beg operable under torque load to 
change the ratio between the driving member 
and the dïiven member, a friction clutch for 
conditioning the mechanism to provide for con- 
necting the driving and driven members togeth- 
er atone ratio, said clutch arranged tobe en- 
gaged and disengaged, gearing associated with 

24 
the driving and driven members, Conriècti0n 
means including cooperating teeth arranged to 
be dental!y engaged and disengaged for condi- 
tioning the gearing to provide a connection be- 
5 tween the driving and driven members ata dif- 
ferent speed ratio when engaged, the teeth being 
so associated with the friction clutch and the 
gearing that when the teeth are engaged torque 
may be transmitted thereto through the clutch 
] 0 and through the gearing, and means operable to 
cause engagement of the friction clutch whfle the 
teeth are engaged, whereby the teeth are sub- 
jected to torque tïansmitted through the engag- 
ing clutch and through the gearing, and means 
15 operable to cause disengagement of the teeth 
"when the torques-fo which the engaged teeth 
are subJected become substantially equal. 
25. A mechanism for transmittlng torque com- 
prising, a driving member, a driven member, said 
20 mechanism being operable under torque load to 
change the ratio between the driving member and 
the driven member, a riction clutch for condi- 
tionfl]g the mechanism fo provide for connecting 
the driving and driven members together ata 
25 re!atively high speed ratio, said c!utch arranged 
tobe engaged h.nd disengaged and being of the 
type capable of slipping and capable of gradual 
engagement, gearing associated with the driving 
and driven members, connection means includ- 
30 ing cooperating teeth arranged to be dentally 
gaged and disengaged for conditioning the gear- 
ing to provide a connection between the driving 
and driven members ai a relatively lower speed 
ratio when engaged, the teeth being so associated 
35 with the friction c!utch and the gearing that 
when the teeth are engaged torque may be trans- 
mitted thereto through the clutch and through 
the gearing, and means operable to cause engage- 
ment of the friction clutch while the teeth are 
40 engagd, whereby the teeth are subjected to 
posing torques transmitted through the engaging 
clutch and through the gearing and means oper- 
able to cause disengagement of the teeth when 
the torques to which the engaged teeth are sub- 
45 jected become substantia!ly equal. 
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